Purpose To evaluate if the degree of recovery of serum gonadotropins after oral contraceptive pills (OCP) pretreatment has an impact on ovarian response in GnRH-antagonist IVF cycles in women of advanced maternal age. Methods In this retrospective cohort study, we included 98 women 35-42 years undergoing their first IVF cycle receiving gonadotropins and a fixed GnRH-antagonist adjuvant protocol. Data analysis was carried out according to changes in serum FSH, LH and estradiol (E 2 ) levels (basal and post-OCP) divided in quartiles, and also according to absolute levels. The main outcomes were peak serum E 2 , number of mature oocytes retrieved, length of stimulation, and amount of gonadotropins used. Results By quartile analysis, patients with the highest levels of serum gonadotropins suppression and also patients with gonadotropin rebound needed larger amounts of LH during the treatment. On the other hand, women with absolute suppression of FSH/LH had increased length of stimulation.
Introduction
Recently, it has been advocated that the use of GnRHantagonist protocols in IVF/ICSI cycles has some advantages over GnRH-agonists, such as lowering the incidence of ovarian hyperstimulation syndrome and subsequent reduction in cycle's cancellation [2] . However the benefit of using oral contraceptive pills (OCP) prior to gonadotropins in a GnRHantagonist protocol is still controversial. Pretreatment of IVF cycles with OCP has been suggested to result in attenuation of the FSH rise and induction of a more homogeneous follicular cohort, assisting synchronization of the follicular development with prolongation of the FSH window, and also preventing the occurrence of spontaneous LH-surges [7, 11, 27] .
Despite these apparent benefits, a recent Cochrane review [29] showed that the use of OCP in patients receiving a GnRH-antagonist protocol was associated with fewer clinical pregnancies and higher amounts of gonadotropin doses needed, particularly in good prognosis patients, compared to no OCP use. On the other hand, in low responders GnRHantagonist with OCP pretreatment appeared to be at least as effective as GnRH-agonists (long protocol) and superior in some aspects to GnRH-antagonists without OCP [14] .
The activity of the hypothalamic-pituitary-ovarian axis in the pill-free interval during use of low-dose combined oral contraceptives in fertile young women has been characterized [31] . If and how the hypothalamic-pituitary recovery affects ovarian stimulation in infertile women undergoing IVF, particularly in low responders, needs further clarification.
In addition to potential biological effects that OCP pretreatment may offer in a GnRH-antagonist cycle, its use allows for more optimized scheduling which is convenient for the clinic and the patient. As always, convenience and benefits should be weighed against any deleterious effects of the intervention.
It is well established that there is a decreased chance of conception according to increasing woman's age, and that a more dramatic decline occurs after 35 years [6, 8] . It has been suggested that GnRH-antagonists may offer some advantages over other protocols for poor-responding women including those having low response associated with advanced maternal age [19] . On the other hand, a recent Cochrane review did not support the routine use of any particular regimen for this subgroup of patients [26] . In our center, most of the patients that are prospectively identified as having a compromised ovarian response and/or a poor prognosis (i.e., age over 35 and/or decreased ovarian reserve) are stimulated with higher dose gonadotropins with a GnRH-antagonist adjuvant protocol [25] . Therefore, in this study we collected data from patients who were older than 35 years undergoing IVF/ICSI with a GnRH-antagonist in a fixed regimen to investigate the endocrine effects of OCP pretreatment. The aim was to determine if the degree of recovery/suppression of serum gonadotropin levels after OCP pretreatment significantly affected the ovarian response.
Methods
In this retrospective cohort study, we examined computerized IVF data from 2008 to 2010. We included all consecutive patients with ages between 35 and 42 years when attempting their first IVF/ICSI cycle using an OCP/gonadotropins/GnRH-antagonist protocol (n098), with the exception of couples undergoing preimplantation genetic diagnosis/screening. It has been the policy of our program to use OCP pretreatment in all patients allocated to a GnRH antagonist protocol in women ≥35 years. In addition, because of anticipated poor prognosis due to advanced maternal age, also associated with a low ovarian reserve in some cases defined as basal cycle day 3 FSH levels ≥10 mIU/ml, or estradiol (E 2 ) >90 pg/ml [3, 25, 28] , or a high FSH:LH ratio (>3) [4] , these patients were subjected to an initial high dose of gonadotropins. All included patients were of advanced maternal age (35-42 years), and some had demonstrated low ovarian reserve, while others suffered from other etiologic diagnosis in addition to advanced age.
Patients were pretreated with oral ethinyl estradiol (E 2 ) 30 μg + desogestrel 150 μg for 21 days (range 18-23 days) during the cycle prior to scheduled IVF/ICSI, and ovarian stimulation was initiated 4 days after discontinuation of the pill. All patients were stimulated with a combination protocol consisting of recombinant FSH Gonal-F, Serono or Follistim, Schering-Plough) and human menopausal gonadotropin (Menopur, Ferring Pharmaceuticals), in a 2:1 or 3:1 ratio, given SC [22] . The starting FSH dose was individualized to 300 to 450 IU per day according to the attending's decision based on prospective identification of response based on age and ovarian reserve. The highest total gonadotropin dose was 600 IU/day, and the highest LH dose was 150 IU/day [20] . Gonadotropin doses were adjusted according to serum E 2 levels and follicle development measured with transvaginal ultrasound every 2-3 days. A daily dose of 0.25 mg of GnRH antagonist (Ganirelix, Schering Plough or Cetrotide, Serono) was administered SC from the morning of day 6 of stimulation onward [17] . Recombinant hCG 250 μg was administered SC when 2-3 leading follicles reached 17 mm in diameter. Transvaginal ultrasoundguided oocyte retrieval was performed 34-35 h later.
Standard IVF insemination or ICSI were performed in 19.4 % and 80.6 % of cycles, respectively. The highest quality of the transferred embryos was diagnosed by morphology score and cleavage rate based on the criteria of Veeck (scoring 1-5, 10 highest grade) [32] . Embryo transfer was performed on day 3 after retrieval. It is the policy of our program to transfer 2 embryos in a first attempt in all women under 43 years [3, 10] . If only 1-2 embryos were available, embryo transfer was performed on day 2. Progesterone supplementation (micronized progesterone 200 mg tid vaginally) was initiated the day after oocyte retrieval. Estrogen supplementation with 17β estradiol (1 mg per day vaginally) was started 5 days after retrieval. Serum hCG was evaluated 13 days after embryo transfer, and an ultrasound was performed at 7 weeks to confirm the presence of a gestational sac with a fetal heart beat, defined as a clinical pregnancy. Sex steroids supplementation was continued until week 8 of pregnancy. Clinical miscarriages were noted and all other pregnancies were considered ongoing (>28 weeks).
Serum FSH, LH and E 2 were collected on day 3 of a previous basal cycle as the baseline (within 3 months), and at the start of stimulation (4 days after the last OCP). Hormone levels were measured with a microparticle enzyme immunoassay (MEIA-IMX: Abbott Laboratories, Abbott Park, IL). The intra-assay coefficients of variation were 4.3, 4.1, and 6.1 % for FSH, LH, and E 2 , respectively. The inter-assay coefficients of variation were 4.9, 5.8, and 8.2 % for FSH, LH, and E 2 , respectively. The lower limits of sensitivity were as follows: LH 01.0 mIU/mL, FSH 0 1.0 mIU/mL, and E 2 025 pg/mL, respectively. The regression equations to convert RIA to IMX are as follows: IMX FSH00.46×RIA−2.2; IMX LH00.3×RIA−1.1; IMX E 2 0 1.26×RIA−1.5.
Statistical analysis
Changes in serum FSH, LH and E 2 levels were analyzed in relation to primary outcomes (ovarian response parameters including peak serum E 2 , number of mature oocytes retrieved, length of stimulation, and amount of gonadotropins used) and to secondary outcomes (pregnancy results) after categorization into quartiles (Q1, Q2, Q3, and Q4). Outcomes were also analyzed according to absolute values of FSH and LH serum levels after OCP treatment. For this purpose patients were sub-divided into two groups, namely a suppressed (FSH and LH ≤1.2 mIU/mL) [5, 30] and a nonsuppressed (FSH and LH >1.2 mIU/mL) group.
The statistical analysis was carried out by an independent statistician (BH) using SAS version 9.2. Bivariate associations involving categorical variables were analyzed using Pearson's Chi-square test, Fisher's exact test or the Cochran-Armitage trend test, where appropriate. Bivariate associations involving continuous variables were analyzed using Kruskal-Wallis test and post-hoc Wilcoxon's signed rank tests were performed for statistically significant associations. Possible effects of suppressed LH levels on follicular synchrony were analyzed by unpaired t-test, or contingency table, as appropriate. We considered P<0.05 as significant. Data were presented as percentages or means ± standard deviation.
Results
Patients' baseline characteristics and IVF/ICSI cycles major outcomes are shown in Table 1 . Figure 1 illustrates how FSH serum levels varied after OCP treatment among the patients, with some individuals showing values similar to the basal levels (recovery), others showing higher levels or rebound, and finally others with lower than basal levels (suppression).
FSH serum level variations (after and before OCP) were statistically divided into quartiles as follows: Q1: <−4.9 mIU/mL (n019), Q2: −4.9 to −2.2 mIU/mL (n028), Q3: −2.3 to 1.1 mIU/mL (n024) and Q4: ≥1.2 mIU/mL (n0 27). Table 2 shows the effect of these variations on primary and secondary outcomes. All groups had similar mean age and FSH baseline serum levels. Overall, there were no significant differences regarding the peak E 2 , number of mature oocytes retrieved, length of stimulation or amount of recombinant FSH used among groups. Nevertheless, patients with highest degree of suppression (Q1) and patients with rebound (Q4) needed significantly more LH than those with moderate suppression (Q2) and recovery of baseline FSH serum levels (Q3).
There were no differences regarding highest quality of the transferred embryos, pregnancies, or cancelation rates between the groups. Analysis of the impact of LH and E 2 changes (also in quartiles) demonstrated similar patterns and did not show any other additional significant effects than those presented for FSH (data not shown).
For the second analysis of the data, patients with gonadotropin suppression analyzed as dichotomous variables (FSH and LH serum levels <1.2 mIU/mL) after OCP pretreatment showed significantly longer duration of gonadotropin stimulation (Table 3 ). In addition, we examined outcomes of possible follicular asynchrony between LH-suppressed and nonsuppressed groups as determined by (i) proportion of mature oocytes/total number of recovered oocytes, (ii) total number fertilized (normal diploid fertilization)/total number of mature eggs inseminated or injected, and (iii) proportion of patients with top quality embryos (grades 1-2). No significant differences were observed for any of these parameters among the two groups.
Discussion
The current study showed that the evaluation of the degree of hypothalamic-pituitary-ovarian recovery of endogenous gonadotropin serum levels after OCP pretreatment in women of advanced maternal age (range 35-42) using a GnRHantagonist may help in ovulation stimulation management.
To the best of our knowledge, this is the first study to examine the impact of the degree of hypothalamic-pituitary recovery (post-OCP compared to basal levels) on cycle outcomes in gonadotropin-stimulated IVF/ICSI patients using a fixed GnRH-antagonist regimen. GnRH antagonist cycles have been largely used; however, it has been difficult to establish the optimal protocol because of the large variation of employed regimens used to study its efficacy [9, 13] . A recent Cochrane review [29] evaluated whether pre-treatment with combined OCPs, progestogens or estrogens affected outcomes in ART, and the results favored the use of progestogens. In addition to discussions about the pretreatment of GnRH antagonist cycles, the best day after the OCP withdrawal to start gonadotropins administration, which is usually between days 2 and 5, is also controversial [7, 16, 27] . It is possible that the duration of the pill-free period may affect cycle outcomes, depending on hormones recovery during these days [7, 31] . Hiurne et al. claimed that an earlier start is associated with stronger gonadotrophin suppression and less large follicles than later start; however, this was based on unpublished data [13] .
In young fertile women undergoing OCP treatment, hypothalamic-pituitary recovery typically occurs by days 4-5 [7, 27, 31] . Cédrin-Durnerin et al. showed that a 5-day free interval after OCP (ethinyl estradiol 30 μg+desogestrel 150 μg) is sufficient for gonadotropin recovery in young infertile patients [7] . Figure 1 illustrates how FSH levels varied markedly (recovery, rebound or suppression) after use of OCP in our study population. The reason for this remarkable variability, which was independent of the basal FSH and age, needs to be clarified, but it is speculated that dysregulation of ovarian factors could be the underlying mechanism, as these patients are of advanced maternal age. Nevertheless, it is now well known from animal and human studies that the Fig. 1 Basal and post-OCP treatment serum FSH levels Table 2 Change in FSH levels (post-OCP compared to basal) in quartiles and impact on IVF/ICSI outcomes FSH (mIU/ml) change in quartiles Q1: <−4.9 (n019) Q2: −4.9−<−2.3 (n028) Q3: −2.3−<1.2 (n024) Q4: 1.2+ (n027) P 14) ; Q2 vs. Q3 (P00.36); Q3 vs. Q4 (P00.0022); Q1 vs. Q4 (P00.82); Q1 vs. Q3 (P00.0098); Q2 vs. Q4 (P00.031) transition towards menopause involves not only the loss of ovarian follicles but also a dysregulation of E 2 feedback mechanisms, and that this hypothalamic-pituitary dysfunction contributes to the onset and progression of reproductive senescence independent of ovarian failure [24] . Aberrant responsiveness of the hypothalamic pituitary axis to estrogen feedback and the subsequent generation of abnormal patterns of gonadotropin release (normal, attenuated, and failed LH surge induction under E 2 positive feedback conditions) may in itself accelerate ovarian follicular exhaustion [15] . Moreover, it is hypothesized that recovery from prolonged hypothalamic amenorrhea, which occurs after use of oral contraceptives, in part mimics hormonal sequelae of puberty characterized by temporary overshoot of FSH levels [23] , which here could explain some of the cases that presented with FSH rebound.
In our study, patients that failed hypothalamic-pituitary recovery after OCP and that had the highest levels of suppression (Q1) had higher LH requirement. Interestingly, when gonadotropin suppression was analyzed as a dichotomous variable (cut-off of 1.2 mIU/mL), the highly suppressed patients demonstrated a higher pregnancy rate. This has to be interpreted cautiously as per the small sample size for the comparison, but the data strongly suggest that suppressed patients that are treated with high FSH and LH doses (in ratios of 2:1 or 3:1) can still a achieve acceptable rates of pregnancy.
Patients with gonadotropin rebound after OCP (Q4) also required a higher LH dose, but that was the only noticeable change. The reason why these patients need more LH than patients with moderate gonadotropin suppression (Q2) and than patients with gonadotropin recovery (Q3) is unknown, but it may be important to achieve similar outcomes.
Taken together, the results of our study provide data that assist in clinical management. The comparison of serum gonadotropins on basal day 3 and post-OCP identifies the more suppressed patients as well as the patients with gonadotropin rebound, who are the ones that will require higher doses of LH. Furthermore, these data indirectly provide support for the use of LH supplementation to patients with suspected poor response due to age over 35 (advanced maternal age). A recent Cochrane review showed that poor responders have higher pregnancy rates when they received recombinant LH, nevertheless that was demonstrated in GnRH-agonist cycles [22] . Moreover, it was observed that oocyte donors using GnRH antagonist protocol, LH supplementation improved the possibilities of gestation for the recipients [1] .
There are a few studies relating cycle day 8 LH serum levels and pregnancy outcomes in GnRH antagonist cycles without OCP pretreatment. Kolibianakis et al., [18] showed that profound suppression of LH after GnRH antagonist administration (day 8 stimulation) is associated with a significantly higher chance of achieving an ongoing pregnancy. On the other hand, Meldrum et al. showed that patients with low serum LH levels on day of hCG administration had higher early pregnancy loss [21] . Furthermore, a recent meta-analysis [12] demonstrated no relation between LH serum levels and the likelihood of ongoing pregnancy in young patients. In our analysis of absolute FSH and LH serum levels after OCP treatment, we observed an increase in length of stimulation in suppressed patients, but we also saw an increase in pregnancy rates. Perhaps, if low LH levels have a real negative impact on cycle outcome in GnRH antagonist cycles, we overcame this problem supplementing it for all patients.
The main limitation of the current study is dependent upon its retrospective nature (i.e., no prospective allocation of groups to different LH doses). Nevertheless, it sheds light on the value of measurement of gonadotropins in the pill-free interval after OCP in order to guide management. It is concluded that gonadotropin serum levels after OCP treatment 
